whereas Prototheca spp. are known to be pathogenic to vertebrates (Galan et al., 1997; Mohabeer et al., 1997) . Another non-photosynthetic unicellular green algal group consisting of the Polytoma and Polytomella species belongs to Chlorophyceae (Nedelcu, 2001; Tartar et al., 2003; Ueno et al., 2003) . They have degenerate chloroplasts and grow heterotrophically in the dark whereas other green algae ordinarily grow phototrophically in the light. Their novel characteristics make it possible to effect their cellular polyamine profiles. In addition to established polyamine catalogues of Chlorophyta and Charophyta, cellular polyamines of 41 micro green algae including all four achlorophyllous genera were analyzed.
Achlorophyllous Polytoma, Polytomella, Prototheca and Helicosporidium species were heterotrophically cultivated in JCM medium No. 31 broth (malt extract, glucose and peptone), No. 31 agar (2%) slant, Sabouraud glucose broth (SG) (glucose and enzymatic digest of casein) (DIFCO, Detroit, USA), ATCC 351 medium (Hutner's medium), ATCC 1900 medium (soil extract salts medium) and/or IAM A-7 medium (sodium acetate, beef extract, acid hydrolysate of casein and yeast extract), at 25°C in the dark. A yellow mutant (IAM C-425) and a white mutant (IAM C-539) of Chlorella vulgaris (Schwarze and Frandsen, 1960) were heterotrophically grown in IAM A-5 medium containing glucose and proteose peptone and nutrient agar (NA) (Nissui Pharmaceutical Co., Tokyo, Japan) at 20°C in the dark. Auxenochlorella protothecoides (ATCC 30407) was cultivated at 25°C in ATCC 847 medium and IAM A-4 medium in the continuous light at 3,000-5,000 lux and No. 31 agar slant in the dark. Six nonaxenic halophilic Dunaliella species were cultivated in IAM A-38 or A-39 medium at 20°C in the light. According to the IAM Catalogue of Strains (1998), NIES Catalogue of Strains (2000) and ATCC Catalogue of Protists (1993), a nonaxenic strain (N. olivacea) and other 21 axenic strains were grown phototrophically in the liquid media and agar (1.5%) slants (shown as No. or code) at 20°C in the light.
The algae at stationary phase or exponential growth were harvested and homogenized in equal volumes of cold 1 M perchloric acid (HClO 4 ) (PCA). Polyamines of the whole PCA extracts were analyzed by high-performance liquid chromatography (HPLC) on a column of cation-exchange resin in a Hitachi L6000 high-speed liquid chromatograph (Tokyo, Japan) by two different elution methods, a standard 35-min elution method and a modified 70-min elution method (Hamana et al., 1992 (Hamana et al., , 1995 , as shown in Fig. 1 . HPLC analyses after the hydrolysis of the whole PCA extracts with 6 M HCl and 1 M NaOH at 110°C for 20 h were carried out to confirm and assign each polyamine peak. Quantification of the polyamines was achieved with calibration curves of standards. Cellular concentrations of polyamines, estimated by the combination of the two HPLC methods, are shown in Table 1 .
In Trebouxiophyceae, the polyamine profile was almost identical among the 7 species of achlorophyllous pathogenic genus Prototheca and photosynthetic Ankistrodesmus, Myrmecia and Hydrodictyon species. Norspermine was detected in the two Ankistrodesmus species. Although norspermidine was also detected in another achlorophyllous pathogenic species of Helicosporidium, the cellular level of norspermidine relative to spermidine level was very low. A novel photosynthetic alga, Auxenochlorella protothecoides ATCC 30407 (formerly deposited as a strain of "Chlorella protothecoides") belonging to the clade consisting Prototheca and Helicosporidium species (NCBI home page, 2004; Ueno et al., 2003) contained spermidine and spermine. Polyamine profiles of the three genera in this clade were different. Hegewald and Kneifel (1982) reported that differences in the pattern of the polyamines within the genus Chlorella led to separation of two groups: those characterized by the near absence of norspermidine and those by high concentration of norspermidine. However, it has been shown that phylogenetically heterogeneous Chlorella species distribute in different clusters in the Trebouxiophyceae and Chlorophyceae (Ali et al., 2001; NCBI home page, 2004; Ueno et al., 2003) . In the present study, C. vulgaris, C. kessleri and C. sorokiniana belonging to authentic genera Chlorella as well as "C. saccharophila" and "C. ellipsoidea" located in another cluster of Trebouxiophyceae were almost entirely lacking in norspermidine. Norspermidine was not detected in Watanabea reniformis (IAM C-211), recently transferred from "C. saccharophila" (Hanagata et al., 1998) . The polyamine pattern of "C. protothecoides" IAM C-150, previously designated as C. vulgaris, was identical to that of Auxenochlorella protothecoides ATCC 30407. Another strain of "C. protothecoides," IAM C-206, contained norspermidine at a high level, suggesting that it belongs to another genus. A yellow mutant and a white mutant of C. vulgaris, heterotrophically grown in the dark, had same polyamine Polyamines were analyzed by a standard 35-min elution method. Abbreviations for polyamines are shown in Table 1 . profile as that determined in the phototrophic wild type strains.
The genera of Chlorophyceae including the nonphotosynthetic achlorophylous genera Polytoma and Polytomella and except for the genus Dunaliella ubiquitously contained norspermidine and spermidine as the major polyamines. Chlorococcum echinozygotum and Haematococcus lacustris were characterized by a high concentration of agmatine and diaminopropane, respectively. The absence of norspermidine has been found in genera Crucigena, Neospongiococcum, Chlorococcum, Dictyosphaerium and Micractium of this class (Hegewald and Kneifel, 1981) . The absence of norspermidine has been reported in Dunaliella bardawil (axenic strain) (Hamana et al., 1988) . Six other nonaxenic Dunaliella strains had spermidine but also lacked norspermidine, suggesting a usefulness of the nonaxenic strain for determination of major polyamine Closterium gracile IAM C-570
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Phylogenetic position of these species has not been clear. type.
The norspermidine-abundant profile was found in "C. zofingiensis" IAM C-111 located in Chlorophyceae (NCBI home page) and "C. fusca" IAM C-101 and IAM C-104 recently transferred into Chlorophyceae, as a Scenedesmus species (NCBI home page).
Polyamines of the green algae belonging to Prasinophyceae and Ulvophyceae have not been reported. All 7 species (5 genera) of Prasinophyceae, analyzed in the present study, contained putrescine and spermidine and lacked norspermidine. Two Ulothrix species of Ulvophyceae contained putrescine, norspermidine and spermidine. An almost identical polyamine pattern was obtained in axenic N. viridis and nonaxenic N. olivacea.
Norspermidine was found as a major polyamine in Pleurotaenium ehrenbergii and as a minor polyamine in Interfilum paradoxum among the 8 species (8 genera) of the Charophyta. Norspermidine has not been found in two other unicellular genera, Cosmarium and Staurostrum (Hamana and Matsuzaki, 1982; Hegewald and Kneifel, 1981) , and a multicellular genus, Nitella (Hamana and Matsuzaki, 1982) , of this phylum. A limited distribution of norspermidine within Charophyta is suggested.
Although algal polyamine concentrations varied in the different culture media and growth phase, major polyamine type did not change with the growth conditions. This is the first report on the occurrence of norspermidine in the non-photosynthetic, achlorophylous genera Prototheca, Helicosporidium, Polytoma and Polytomella, indicating that the presence or absence of norspermidine in green algae is an algal property irrelevant to their photosynthetic ability. On the other hand, norspermidine was not found in the non-photosynthetic mutants nor in photosynthetic wild types in Chlorella vulgaris. Homospermidine, another triamine, found as a minor polyamine in some algae belonging to Rhodophyta and Eugrenozoa Matsuzaki, 1982, 1985) was not detected in the green algae analyzed in the present study. Since phylogenetic analysis of many green algal strains analyzed here has not been demonstrated, widespread but non-ubiquitous distribution of norspermidine and sporadical distribution of diaminopropane and agmatine are useful but not sufficient chemotaxonomic markers within the phyla Chlorophyta and Charophyta.
